As cancer incidence and mortality rates increase in low-and middle-income countries, the need for cancer prevention and control research directed to these countries becomes increasingly important. The American Society of Preventive Oncology (ASPO) is a community of professionals in cancer prevention and control whose mission is to "foster the continuing development of investigators and the exchange and translation of scientific information to reduce the cancer burden."
Introduction
Cancer is a growing cause of death worldwide. The cancer burden in low-and middle-income countries (LMIC) has been disproportionately increasing with 60% of new cases and 70% of all cancer deaths occurring in LMIC (1) . Survival is closely and positively related to country income for several cancers, including cervical, breast, and prostate (2) . In September 2011, a high-level meeting of the UN General Assembly on Noncommunicable Disease Prevention and Control included the development of a plan to address cancer's role in the global health agenda, alongside other noncommunicable diseases (3) . In response to the rising cancer burden in resource-poor settings, American Society of Preventive Oncology (ASPO) established the International Cancer Prevention Special Interest Group (SIG) in 2007, under the direction of Dr. Frank Meyskens, as a means of reversing that trend and serving as a worldwide cancer prevention resource (4) . The SIG's mission is to facilitate new scientific collaborations and interactions, and to serve as a resource for global health research in cancer prevention.
At its 36th annual meeting in Washington, DC in 2012, ASPO convened a session focusing on cancer prevention in developing countries. This session, chaired by Drs. Frank Meyskens and Dejana Braithwaite, presented 2 case studies that addressed cancer prevention for global health. The first speaker, Dr. Paolo Boffetta from the Mount Sinai School of Medicine in New York City, highlighted past achievements and future research priorities in global cancer prevention. The second speaker, Dr. Timothy Rebbeck presented his research program on prostate cancer in subSaharan Africa and highlighted how the complex nature of prostate cancer etiology and outcomes can be addressed through capacity-building research partnerships. Below we provide an overview of Dr. Boffetta's presentation followed by that from Dr. Rebbeck.
globe (5) . Among the main causes of cancer, tobacco has the largest impact in both LMIC and HIC but the trend is decreasing in HIC and increasing in LMIC. Infection has a large impact in LMIC but only a modest impact in HIC and the trend is decreasing in both LMIC and HIC. Nutrition has a modest impact in LMIC and a moderate impact in HIC, with an increasing trend in both. The impact of alcohol use is modest in both LMIC and HIC although the trend is downward in HIC and upward in LMIC. The impact of hormones (endocrine disruptors) is modest in LMIC and moderate in HIC but the trend is upward in both. The effect of occupational exposures is modest in both LMIC and HIC but the trend is downward in HIC and upward in LMIC. Finally, the effect of radiation exposures is modest in both LMIC and HIC.
Dr. Boffetta was recently involved in estimating the proportion of cancer deaths occurring in France in 2000 that were attributable to known risk factors based on data on the frequency of exposure around 1985 (6) . He highlighted France because it is similar to other developed countries in terms of the prevalence of cancer risk factors. Dr. Boffetta and colleagues found that tobacco smoking was responsible for 23.9% of cancer deaths, alcohol drinking for 6.9%, and chronic infections for 3.7%. Occupation was responsible for 3.7% of cancer deaths in men; and the lack of physical activity, overweight/obesity, and use of exogenous hormones were responsible for 2% to 3% of cancer deaths in women. Thus, known risk factors explained 35.0% of overall cancer deaths, and 15.0% among never smokers. Dr. Boffetta pointed out that, like in the United States, tobacco smoking was one of the key cancer risk factors, particularly in relation to lung cancer.
The precise contribution of nutritional factors to the cancer burden remains elusive. Dr. Boffetta referred to his article on fruit and vegetable intake in relation to cancer risk (7) . In this prospective analysis of the European Prospective Investigation into Cancer and Nutrition cohort, he and his colleagues showed that associations between reduced cancer risk and increased intake of total fruits and vegetables combined and total vegetables for the entire cohort were similar [200 g/d increased intake of fruits and vegetables combined, HR ¼ 0.97, 95% confidence interval (CI) ¼ 0.96-0.99; 100 g/d increased intake of total vegetables, HR ¼ 0.98, 95% CI ¼ 0.97-0.99]; intake of fruits showed a weaker inverse association (100 g/d increased intake of total fruits, HR ¼ 0.99, 95% CI ¼ 0.98-1.00). This study also showed a very small inverse association between intake of total fruits and vegetables and cancer risk.
Dr. Boffetta then went on to mention a similar project in China that focused on estimating cancer incidence and mortality attributable to tobacco smoking, infection, overweight, obesity, physical inactivity, and alcohol drinking (8) (9) (10) (11) . China serves as an illustrative example because it has much better epidemiologic data compared with other developing countries. These studies showed that major preventable causes of cancer in China were infection, tobacco smoking, and alcohol use. Dr. Boffetta stated that the distribution of risk factors between China and developed countries is comparable. Low fruit/vegetable intake also emerged as an important risk factor in China, because the rural population has a relatively low intake but the contribution of nutrition-related factors was relatively small compared with developed countries.
Dr. Boffetta outlined 4 examples of successful primary prevention initiatives in developing countries: (i) chronic infections, (ii) tobacco control, (iii) nutrition, and (iv) occupational exposures.
Chronic infections
Dr. Boffetta highlighted a nationwide hepatitis B vaccination program that was implemented in Taiwan in 1984 represents the simplest most successful story (12) . Since the institution of this program, the incidence of hepatocellular carcinoma in children has declined. Specifically, the average annual incidence of hepatocellular carcinoma in children 6 to 14 years of age declined from 0.70 per 100,000 children between 1981 and 1986 to 0.57 between 1986 and 1990, and to 0.36 between 1990 and 1994 (P < 0.01). The incidence of hepatocellular carcinoma in children 6 to 9 years of age declined from 0.52 for those born between 1974 and 1984 to 0.13 for those born between 1984 and 1986 (P < 0.001; 12).
Tobacco
Dr. Boffetta highlighted tobacco control as another major accomplishment for cancer prevention. He provided descriptive data on the United States and China (8) showing the parallels between the 2 countries. Whereas approximately 10% of total deaths in the 1950s was due to tobacco smoking among U.S. adults, tobacco smoking was responsible for approximately 10% of total death in 1990 in Chinese men. By 1990, approximately 30% of total mortality was attributable to smoking among U.S. adults; the identical estimate, approximately 30%, is the projected total proportion of smoking-related deaths among Chinese men by 2030. As Dr. Boffetta pointed out, it is remarkable how the United States experience is getting repeated in China. Tobacco consumption has markedly declined in the United States and other developed countries and it is hoped that China and other LMIC will learn from this example by averting this global pandemic. Toward this end, it will be important to implement the World Health Organization (WHO) Framework Convention on Tobacco Control and commit adequate resources for public health interventions based on the science of epidemiology, economic burden, and tracking the tobacco industry(13).
Nutrition Dr. Boffetta also discussed some of his work in France about alcohol use and cancer. Notably, there has been a decrease in mortality in France from alcohol-related cancers such as oral cancer and those of esophagus, pharynx, and larynx (6) . Spirits were widely used in France up to 1970s but following increased alcohol taxation in this country, this trend started to change around that time period. This example shows the major impact that policy can play in cancer prevention. Another example is stomach cancer, whose incidence is decreasing in low-risk countries such as the United States, in intermediate-risk countries such as China as well as in high-risk countries such as Japan (14) . There is no consistent answer as to what is responsible for this downward trend.
Occupational exposures
A decline in asbestos exposure has contributed to a decline in mortality, particularly in developed countries (15) . Trends by age group in men show decline in the incidence of mesothelioma and lung cancer, particularly in younger cohorts, with similarly decreased rates observed in the United States. Yet, exposure is still widespread in developing countries for many important occupational carcinogens, including asbestos. Although estimates of the global burden of occupational and environmental cancers result in approximately 2% and <1%, respectively, these cancers concentrate in population subgroups. In addition, exposure is involuntary and can, to a large extent, be avoided (15) .
Lessons Learned and Conclusions
In sum, there are examples where prevention has worked but this is not the case for all cancers. For example, there has been an increase in the incidence of breast cancer in countries such as India, Hong Kong and Colombia (16) , which is likely due to changes in reproductive history in women, including reduced parity and earlier age at menarche. In conclusion, Dr. Boffetta pointed out that up to 50% of human cancer can be prevented if the right strategies were implemented. Whereas some accomplishments in cancer prevention were planned, others have been a consequence of policy and other societal changes. Moving forward, Dr.
Boffetta recommended that global cancer prevention efforts focus on the 3 major cancer causes: tobacco, infections, and overweight/obesity.
Dr. Rebbeck: Capacity Building Research Partnerships in Sub-Saharan Africa
Africa presents both challenges and unique opportunities in terms of building research and translational capacity. Dr. Rebbeck pointed out that although infectious disease remains an important issue in sub-Saharan Africa, cancer is also an increasingly important issue. Furthermore, Africans may have unique exposure and risk factor patterns as well as a unique natural history of the disease that can help generate novel insights about cancer. Whereas some common cancers in the United States are identified at an early stage because of the availability of screening, cancer in Africa tends to be diagnosed at late stage and, hence, there is an opportunity to study the full natural history of cancer in Africa. Studying the course of the disease in Africa could also contribute to the understanding of cancer in the African descent populations worldwide. Cancer is also an underappreciated disease in Africa and, hence, there is a need to improve its detection and prevention as well as to develop Africaspecific interventions that can directly benefit the African population. Dr. Rebbeck mentioned that the philosophy he endeavors to follow is encapsulated in the following statement by Julio Frenk, Dean of the Harvard School of Public Health: "The creation of knowledge has been central to advancement of health in the 20 th century and is critical for improved global health." By raising our awareness of cancer prevention, treatment, and detection in Africa, there is great potential for new knowledge to be generated to improve the health of all populations.
Dr. Rebbeck explained that prostate cancer is the most commonly occurring of all cancers among men of African descent, including African, Caribbean, and African American, and is also the leading cause of cancer mortality among African and Caribbean populations (17) . Prostate cancer is clearly an important public health problem, with approximately 28,000 men in Africa and 5,000 in the United States dying each year. Approximately 70% of men diagnosed with prostate cancer in Africa die compared with 40% in the Caribbean and 15% in the United States. In addition, prostate cancer incidence is predicted to increase from 2010 to 2030 with an 87% increase in the United States, 71% in the Caribbean, and 104% in Africa (17) . Notably, Dr. Rebbeck showed that cancer rates are increasing although malaria is declining. A number of factors may explain the growing cancer rates in sub-Saharan Africa. First, there is a paucity of cancer funding and research in sub-Saharan Africa (refs. 17, 18; Fig. 2) . The populations of sub-Saharan Africa and other developing countries are aging, such that the demographic composition of developing countries may resemble the developed world by 2050 (14) . Cancer risk factors are also changing. For example, the prevalence of obesity is on the increase in Africa. Between 2002 and 2010, data from the WHO Global InfoBase show that the percentage of African men with body mass index >25 kg/m 2 is growing in many parts of Africa (19) . In addition to increased cancer incidence, cancer deaths are growing because facilities for clinical care are inadequate in most of subSaharan Africa. Data from International Atomic Energy Agency indicate that there is insufficient access to radiotherapy in Africa, with only 24 of 53 countries reporting the availability of radiation treatment centers. The supply of radiotherapy in Africa in 2002 was only 18% of the total needed (20) . In addition, only 11% of the African population is covered by population-based cancer registries, and only about 1% of the population by registries that meet the International Agency for Research on Cancer's criteria for high-quality incidence (21) .
The mission of Dr. Rebbeck's research program, the Men of African Descent and Carcinoma of the Prostate (MADCaP) consortium is to develop and translate knowledge through high-quality research and training in sub-Saharan Africa. This and other initiatives intend to minimize the loss of domestic professionals and facilitate local capacity building. Strategic planning has been conducted to identify partners and establish Centers of Excellence in multiple regions of sub-Saharan Africa. The MADCaP has developed a number of academic and network partnerships, and is coordinated by the African Organization for Research and Training in Cancer. The MADCaP consortium brings together groups form Africa, North America, and the Caribbean that contribute resources to facilitate high-quality cancer research, including biobanking, laboratory science, epidemiology, and hospitals for patient accrual. MADCaP also includes common databases and common research questions. After spending almost a decade developing the infrastructure, MADCaP now has begun to have the critical mass of researchers and resources to address relevant cancer questions in Africa. Of note, pathology services are also available within MADCaP Centers through a partnership with the American Society for Clinical Pathology, which is fundamental to improving clinical care and research (22) .
Lessons Learned and Conclusions
In noting the lessons he has learned in Africa, Dr. Rebbeck mentioned some of the key limitations of research in sub-Saharan Africa. First and foremost, limited knowledge about cancer rates in sub-Saharan Africa limits our ability to understand the magnitude of the problem. There is also limited research culture in sub-Saharan Africa, including among physicians: the lack of academic/tenure-track and the lack of protected time limits the ability to create sustainable research. In addition, research, education, and funding are also inadequate.
Creating high-level partnerships and trust among researchers is paramount. Moving forward, Dr. Rebbeck hopes that other key institutions will be engaged in cancer research in sub-Saharan Africa, including the African Union and the new Global Health Center at the National Cancer Institute. In addition, investigators seeking to develop research projects in Africa need a dedicated local 
Deaths in Africa
Malaria (World Malaria Report 2010)
Cancer (GLOBOCAN 2008) principal investigator and senior investigators who are willing to foster holistic training and promote junior researchers. Finally, there is a need for a Cancer Plan by the Ministries of Health to make the cancer research enterprise sustainable.
Summary
In conclusion, cancer is an emerging public health challenge in developing countries because of the aging and expansion of the population and increased prevalence of cancer risk factors such as smoking, obesity, physical inactivity, and reproductive factors. There are opportunities, however, to reduce the growing cancer burden through the development of research capacity and the application of resourceappropriate interventions.
